INTRODUCTION
The interaction between the vestibulo-oculomotor reflex elicited by the vestibular labyrinthine hair cells, and the optokinetic reflex elicited by a retinal slip signal, acts to stabilize the retinal image by providing proper signals to the eye muscles. The high degree of adaptability of the right/let visual and right/left vestibular input system, either after lesions or during sustained conflicting visualvestibular signals, is well known. Therefore, the vestibular system can be used as a model to study learning and post-lesional plasticity in the central nervous system (for reviews see/3,7/).
The purpose of the present investigation was to develop an experimental in vivo model that can be used to study how different toxic and pharmacological substances promote, inhibit, or reverse the long-term adaptation after hemilabyrinthectomy (HL). The rat is a suitable species for such studies because the combination of high availability and low costs enables a large series of experiments. Several other requirements must be fulfilled, however.
Because the procedure of HL must be rapid and easy to execute, we chose to perform a chemical HL. We then followed the adaptation process by estimating the post-lesional asymmetry of nystagmus, which was elicited by oscillatory vestibular stimulation on a turntable. As recordings of eye movements must be easy to perform, we used a search coil method that does not require surgical implantation of the coil. The procedure for analyzing eye movements must be fast and easily comprehensible, so we applied 'virtual instrument' software for computerizing the analysis. The program must calculate separately the gain (the slow-phase velocity [SPV] of nystagmus divided by the velocity of the turntable) achieved during stimulation toward both the intact and the lesioned labyrinth.
Gamma-Aminobutyric acid (GABA) is the main inhibitory neurotransmitter in the central vestibular system. To test the experimental setup, we investigated the effect of baclofen, a GABAa agonist, and toluene, which reportedly causes some vestibular disturbances that are related to GABA transmission/13/.
MATERIALS AND METHODS

Animals
Pigmented rats (DA-HAN) aged 4-9 months and weighing 175-350 g each were used in this study. Nine animals were equipped with a fixation device (see below) and tested before HL, 2 wk after HL, and then once weekly until the fixation device came off (5-8 weeks atter HL). Another 10 animals were equipped with fixation nuts at different times (4-9 weeks) after HL and then examined up to 10 weeks after HL or until the fixation device fell off. For the pharmacological tests, 24 rats were hemilabyrinthectomized as described below.
Recording of eye movements
For proper fixation, the heads of the animals were equipped with a metal nut that was attached to the bone by means of dental cement and stainless steel screws. During the tests, the rats were restrained within a plastic frame with sidewalls for the body, and a screw was inserted into the nut to immobilize the head. The frame was placed in a plastic chamber on a turntable that was surrounded by a cylindrical white screen onto which a stillstanding illuminated pattern of stripes could be projected (see /14,15 Fig. 1 . Initially, the saccades were removed and replaced with second-order polynomials, providing continous curves regarding both position and velocity. This procedure resulted in the position signal C. A side difference is observed as a linear trend in the position signal. The total number of saccades were counted, and their amplitudes and peak velocities were calculated. For analysis of phase and separated left/right gain, the corresponding velocity signal was calculated as seen in the middle part of Fig. 1 , where D is the turntable velocity and E is the eye velocity. Using an asymmetrical sinus signal with different amplitudes for both half periods, we applied a least-squares best-fit curve algorithm to signal E, resulting in F. The reliability of the calculated signal is demonstrated when signal F is transformed back to the corresponding position signal (G) and compared with the original position signal (C). The reconstructed velocity signal (F) was used.
to calculate the letl/right gain and phase values.
Chemical labyrinthectomy
The animals were given a short-lasting (30-60 sec) anesthesia by halothane inhalation. Under microscope observation, 0.1--0.2 mL of a solution of sodium arsanilate (100 mg/mL in isotonic saline) was injected through the ventral part of the tympanic membrane/2/.
Administration of toluene and baclofen
Twenty-four animals were labyrinthectomized 8-12 weeks before the experiments. Ten of these rats were given intramuscular injections (3 mg/kg body weight) of baclofen (Ciba Geigy, racemic mixture). Atter post-fixation in osmium tetroxide and dehydration, the tissue was imbedded in epoxy resin. Selected regions were sectioned and stained with toluidine blue for light microscopy. The sections were observed using a Zeiss Axiovert microscope, and photographs were taken with a 35-mm camera (Contax; Kodak T-max 100 film).
Statistics
The results of the tests performed before and 2 wk atter HL were compared using the paired Student's t-test. The recovery over time from [2] [3] [4] [5] [6] [7] [8] [9] [10] wk after HL was evaluated by linear regression analysis. In the toluene and baclofen experiments, the results from the tests performed before and during exposure were compared using the paired Student's t-test. In all tests, a difference of p < 0.05 was considered to be statistically significant (* p < 0.05, ** p < 0.01, *** p < 0.001).
RESULTS
General behavior
Two days alter receiving the injection of arsanilate, all rats showed symptoms of unilateral vestibular loss. The head was tilted toward the lesioned side, and upon tactile or noise stimulation, the animals expressed a circling behavior toward the lesioned side. All had spontaneous nystagmus, but these static symptoms gradually disappeared over the next 10-14 days.
Histology
At the microscopic level, the ampullae from the labyrinthectomized ears already looked empty and shrunken when compared with the tissue from intact ears. When observing the sections in the light microscope, we found that the exposed cristae from the lesioned side were severely damaged, especially at the nerve fiber level (Fig. 2) . The area inside the crista looked empty (Fig. 2b) and not homogeneously filled with nerve fibers and supporting structures as seen in the control tissue from the same animal (Fig. 2a) . The loss of stroma made the damaged cristae appear thinner. Occasionally, the epithelial layer contained single hair cells, but such cells showed distinct signs of damage, especially at the apical poles (Fig. 2c) (Fig. 4) . The increase was permanent during the next 8 weeks.
After HL, the number of saccades per minute was reduced, in the direction to both the lesioned and the intact sides, except at 0.5 Hz in the light (Fig.  4) . The number was reduced more to the lesioned side. No change occurred during the follow-up period at 0.05 and 0.2 Hz. At 0.8 Hz, the number to the lesioned side again increased (Fig. 4) . At some frequencies, HL also caused a slight reduction of the amplitude and maximal velocity of the saecades to the lesioned side, which was restored during the long-term period.
Effects of toluene and baclofen Figure 5 shows that the administration of baelofen caused an immediate re-establishment of the symmetry of SPV gain during oscillation, performed by both a decrease of the gain to the intact side and an increase to the lesioned side. The drug caused no changes of the number of saecades/min but rather a significant decrease of the average amplitude, both the lesioned and to the intact side. Exposing partly compensated HL rats to toluene caused an increase of the SPV gain asymmetry during oscillation, which was mainly caused by an increase of the gain to the intact side. The difference between the number of saecades to the intact and lesioned side increased (from 18 Fig. 1 ) and partly because the initial SPV of a separate nystagmus beat (Fig. 1, V1 ) was often faster than the final velocity (Fig. 1, V2 ). Such variation was more evident during rotation to the intact than to the lesioned side. Such facts became obvious when the position signal was transformed to the corresponding velocity curve (E in Fig. 1 ). The reconstructed curve F in Fig. 1 illustrates that the application of a least-squares best-fit curve algorithm, using asymmetric sinus signals having different amplitudes for its half periods, offers a reliable method for calculating gain. The total gain, as well as right and left gain, could be estimated from this curve. Regarding the total gain, a close agreement with the Fourier method was found in recordings with a small imbalance, whereas during larger asymmetries, the imperfection of the Fourier method was evident. 
